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LINEAR ACTUATOR AND LINEAR
ACTUATING MODULE HAVING SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 U.S.C. §119 to
Tartwan Patent Application No. 101115618, titled “Linear
Actuating Module”, filed on May 2, 2012, the entire content

of which 1s hereby incorporated by reference in 1ts entirety.

FIELD

This application relates to actuating devices, and more
particularly to linear actuators and actuating modules having
same.

BACKGROUND

The background description provided herein 1s for the pur-
pose of generally presenting the context of the disclosure and
may not constitute prior art.

A linear actuator generally includes a motor that provides
torque to rotate a lead screw, which in turn translates the
rotary motion into a linear motion. The linear actuator typi-
cally includes a complicated coupling device including mul-
tiple components to connect the motor shait to the lead screw.
The multiple components need to have small manufacturing
and assembly tolerance to ensure proper alignment between
the motor shaft and the lead screw, thereby increasing manu-

facturing costs. The manufacturing costs are higher when the
linear actuators are designed for nano-scale positioning.

Further, the coupling device typically extends a significant
length to provide room for the linear movement of the lead
screw. As such, the complicated coupling system undesirably
increases the space required for the linear actuator and further
reduces the stifiness of the linear actuator. Clearances among,
the multiple components of the coupling device also result in
reduced stifiness of the linear actuators.

SUMMARY

The present disclosure provides a linear actuator and a
linear actuating module incorporating same, which have
improved stiflness and precision in a nanometer-scale posi-
tioming and can be manufactured with lower costs.

In one form, a linear actuator according to the present
disclosure 1ncludes a housing, a rotary unit disposed 1n the
housing, and a screw member driven by the rotary unit. The
rotary unit 1s translatable relative to the housing when the
screw member 1s driven by the rotary unit. The rotary unit
moves with the screw member along a longitudinal direction
of the screw member when the rotary unit drives the screw
member.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, incorporated 1n and forming
a part ol the specification, illustrate several aspects of the
present invention and, together with the description, serve to
explain the principles ol the invention. The components 1n the
figures are not necessarily to scale. In the drawings:

FIG. 1 1s a perspective view of a linear actuator of a first
embodiment of the present disclosure;

FIG. 2 1s a cross-sectional view of a linear actuator of the
present disclosure, taken along Line A-A of FIG. 1;
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FIG. 3 1s a cross-sectional view of a linear actuator of the
present disclosure, taken along Line B-B of FIG. 1;
FIG. 4 1s a cross-sectional view of a linear actuator accord-

ing to a second embodiment of the present disclosure;

FIG. 5 15 a cross-sectional view of a linear actuator accord-
ing to a third embodiment of the present disclosure;

FIG. 6 1s a cross-sectional view of a linear actuator accord-
ing to a fourth embodiment of the present disclosure;

FIG. 7 1s a cross-sectional view of a linear actuator accord-
ing to a fifth embodiment of the present disclosure; and

FIG. 8 1s a perspective view of a linear actuating module
that 1s shown to have three linear actuators for 3-dimentional
linear movements according to the present disclosure.

DETAILED DESCRIPTION

The following description 1s merely exemplary 1n nature
and 1s 1n no way intended to limit the present mnvention, 1ts
application, or uses. It should also be understood that steps
within a method may be executed 1n different order without
altering the principles of the invention.

Referring to FI1G. 1, a linear actuator 10 generally includes
a housing 12, a screw member 13 and a guiding member 14.
The housing 12 includes a narrowed housing portion 16 adja-
cent to a front end 18 and an enlarged housing portion 20
adjacent to arear end 22. The screw member 13 may be a lead
screw and have external threads 131 that engage internal
threads 141 of the guiding member 14. The screw member 13
extends forwardly from the front end 18 of the housing 12 and
1s coaxially aligned with the narrowed housing portion 16 and
the enlarged housing portion 20. While the housing 12 1s
shown to be cylindrical, the housing 12 can have any other
shapes, such as elliptical, polyhedron, or irregular shape with-
out departing from the scope of the present disclosure.

Referring to FIG. 2, the linear actuator 10 further includes
a rotary unit 24 disposed in the enlarged housing portion 20 of
the housing 12 for driving the screw member 13. The rotary
unit 24 includes a sliding bracket 26 and a motor 28 attached
to the sliding bracket 26. The enlarged housing portion 20
defines two guiding grooves 30 diametrically formed on the
inner surface 32 of the enlarged housing portion 20. The
guiding grooves 30 have groove surfaces 34 recessed from the
inner surface 32. The guiding grooves 30 extend along a
longitudinal axis X of the housing 12 and are parallel to the
longitudinal axis of the screw member 13. The sliding bracket
26 includes fasteners 40 and damping materials 42 corre-
sponding to the guiding grooves 30. The damping matenals
42 are in direct contact with the groove surfaces 34 of the
guiding grooves 30.

As clearly shown in FIG. 3, the sliding bracket 26 includes
a main body 44 and two opposing lugs 46 extending radially
and diametrically from the main body 44 and into the guiding
grooves 30. The fasteners 40 are inserted into openings in the
lugs 46 to fasten the damping materials 42 to the lugs 46. The
damping materials 42 protrude outwardly from an outer
periphery of the lugs 46 to fill the gap between the lugs 46 and
the groove surfaces 34, while allowing the sliding bracket 26
to slide 1n the guiding grooves 30. The fasteners 40 may be
screws, bolts or any conventional fasteners known 1n the art.
The damping maternials 42 may be O-rings and/or made of
rubber. By using the damping maternials 42 to fill the gap
between the sliding bracket 26 and the groove surfaces 34 of
the guiding grooves 30, the linear actuator 10 can have
improved stiffness and reduced vibration.

While two guiding grooves 30 are shown, 1t 1s understood
that any number of the guiding grooves 30, including one, can
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be formed 1n the housing 12 to achieve the desired function
without departing from the scope of the present disclosure.

The screw member 13 1s directly secured to a motor shaft
123 of the motor 28. The motor 28 has a motor shaft 123
directly secured to the screw member 13 to drive the screw
member 13. The motor 28 may be a stepping motor, a servo
motor or any kind of linear motor, as long as 1t can provide
rotary motion to the screw member 13.

The screw member 13 extends to a mid-portion of the
housing 12. A substantial length of the screw member 13 1s
disposed 1inside the housing 12. One side of the screw member
13 1s secured to the motor shatt 123. The portion of the screw
member 13 adjacent to the other end 1s stably supported by the
guiding member 14. The guiding member 14 1s disposed in an
opening 46 of the narrowed portion 16 of the housing 12 and
extends along an entire length of the narrowed portion 16.
Theretfore, the screw member 13 can be more stably sup-
ported 1n the housing 12.

In operation, when the motor 28 drives the screw member
13, the threaded connection between the screw member 13
and the gmiding member 14 causes the screw member 13 to
move along a direction parallel to the longitudinal axis X of
the housing 12 because the guide member 14 1s fixed to the
housing 12. The motor 28 and the screw member 13 are
connected. Therelore, the rotary unit 26 moves with the screw
member 13 1nside the housing 12 due to the sliding contact
between the groove surfaces 34 and the damping materials 42.

In addition, the sliding bracket 26 and the guiding grooves
30 not only allow the rotary unit 24 to move 1n a linear motion
relative to the housing 12, but also prevent 1dling of the motor
28.

The linear actuator 10 of the present disclosure has the
advantages of improved precision and stiflness. Because the
screw member 13 1s directly connected to the motor shait 123
of the motor 28, the displacement of the screw member 13
depends largely on the threads of the screw member 13 and
the rotating speeds of the motor shaft 123, as opposed to prior
art where the displacement 1s likely to be adversely affected
by the manufacturing and assembly tolerance of various com-
ponents that couple the motor shatt to the screw member. By
properly controlling the rotating speeds of the motor 28, the
displacement of the screw member 13 can be more precisely
controlled to a nanometer scale.

Moreover, the screw member 13 has one end directly con-
nected to the motor shait 123 and a portion adjacent to the
other end suificiently supported on the narrowed portion 16 of
the housing 12. The gap between the lugs 46 of the sliding
bracket 26 and the groove surfaces 34 of the guiding grooves
30 are filled by the damping materials 42. Therefore, vibra-
tion 1s reduced and the stifiness of the linear actuator 10 1s
improved.

Referring to FIG. 4, a linear actuator 50 in the second
embodiment 1s similar to the linear actuator 10 of the first
embodiment except that the linear actuator 50 includes a
variable speed unit 52. In the following, like components are
designated by like reference characters/numbers and the
description thereof 1s omitted herein.

The vanable speed unit 52, which is part of the rotary unit
26, 1s disposed between the motor 28 and the screw member
13 to change the output speed of the motor 28. The variable
speed unit 52 may be a reduction gear unit and may have an
input shait (not shown) connected to the motor shaft and an
output shaft 54 directly secured to the screw member 13.
Therefore, the output speed can be easily controlled and
adjusted depending on the amount of displacement required
tor the screw member 13.
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Retferring to FIG. 5, a linear actuator 60 in the third
embodiment 1s similar to the linear actuator 50 of the second
embodiment except that the linear actuator 60 includes a
coupling device 62. The coupling device 62 connects the
output shaft 54 of the vaniable speed unit 52 to the screw
member 13. The screw member 13 1s driven by the rotary unit

24 through the coupling member 62.

The coupling member 62 may be a flexible coupling, which
can reduce impact, compensate for alignment errors between
the screw member 13 and the motor 28, both in axial and
radial directions. The coupling member 62 may be of a rela-
tively small length, compared with conventional linear actua-
tors where a sliding coupling for coupling the screw member
13 and the motor shait 123 generally requires a relatively long
length to provide suilicient longitudinal space for the screw
member to move therein. Therefore, the stifiness of linear
actuator 60 of the present embodiment can be further
improved.

It 1s understood that 1n another variant of the linear actua-
tor, the variable speed unit may be eliminated and the cou-
pling device 62 may be provided to couple the motor shaft 123
to the screw member 13.

Referring to FIGS. 6, a linear actuator 70 of the fourth
embodiment 1s similar to that of the third embodiment except
that the linear actuator 70 includes a sensor 72 disposed inside
the housing 12 for detecting the position of the screw member
13. In the present embodiment, the sensor 18 includes a fixed
element 74 and a movable element 76, which are conductors.
The fixed element 74 1s attached to the housing 12. The
movable element 76 1s attached to the variable speed unit 52,
which 1s a part of the rotary unit 24. The fixed elements 74 and
76 form parts of an electric circuit. When the rotary unit 24 1s
in a first position, the fixed element 74 contacts a first point of
the movable element 76 and thus the electric circuit has a first
resistance. When the screw member 13 1s driven by the rotary
unit 24, the rotary unit 24 also moves with the screw member
13 and slides along the guiding grooves 30 to a second posi-
tion. The fixed element 74 contacts a second point of the
movable element 76 and thus the electric circuit has a second
resistance. The displacement of the screw member 13 can be
determined based on the difference between the first and
second resistance.

Reterring to FIG. 7, a linear actuator 80 of the fifth embodi-
ment 1s similar to that of FIG. 6 except that the linear actuator
80 has a sensor 82 that uses capacitance to detect the position
ol the screw member 13. The sensor 82 has a fixed element 84
and amovable element 86 spaced part and 1n the form of metal
plates. The fixed and movable elements 84 and 86 are dis-
posed at the housing 12 and the rotary unit 24, respectively.
The overlapping area between the fixed and movable ele-
ments 84 and 86 changes as the screw member 13 and the
rotary unit 24 move. The capacitance value depends on the
overlapping area between the fixed and movable elements 84
and 86. The displacement of the screw member 13 can be
determined by determining the change in capacitance. The
precision positioning of the linear actuator 80 can be
improved by using the sensor 82 and the motor to provide a
closed-loop feed-back control.

While not shown in the drawings, it 1s understood the
sensors 72 and 82 can be properly configured to use resis-
tance, capacitance, and inductance to measure the displace-
ment of the rotary unit 24 and consequently the displacement
of the screw member 13. Any position sensor known in the art
that can be used to detect position of the rotary unit 24 can be
used without departing from the scope of the present disclo-
sure.




US 8,893,627 B2

S

According to the present disclosure, the linear actuators
can be precisely positioned by using sensors and a closed loop
system. Therefore, the displacement of the screw member 13
can be properly monitored for precision positioning.

Referring to FIG. 8, a linear actuating module 100 of a sixth
embodiment includes a support stage 102, a first linear actua-
tor 104, a second linear actuator 106 and a third linear actuator
108 for providing linear movement i X, Y, and Z directions,
respectively. A first movable block 110, a second movable
block 112, and a third movable block 114 are slidably sup-
ported on the support stage 102 and can be moved by the first,
second and third linear actuators 104, 106 and 108 1n the XY,
and Z directions, respectively. The first, second and third
actuators 104, 106 and 108 can be any of the linear actuators
10, 40, 50, 60, 70 and 80 shown 1in FIGS. 1-7. Therefore, the
description of the first, second and third actuators 104, 106
and 108 are omitted herein.

The third movable block 114 includes a sample stage 116
on which a sample (not shown) 1s placed thereon. When the
first linear actuator 104 moves the first movable block 110,
the sample stage 114 of the third movable block 114 is also
moved with the first movable block 110 in the X direction.
When the second linear actuator 106 moves the second mov-
able block 112, the third movable block 114 (including the
sample stage 116) and the first movable block 110 which are
disposed on the second movable block 112 are also moved 1n
theY direction. The third linear actuator 108 1s disposed right
below the sample stage 114 and can directly move the third
movable block 114 including the sample stage 114. The first,
second, and third linear actuators 104, 106, and 108 provide
linear movements that are precisely controlled by the motor
speed. Therefore, the sample stage 114 can be properly posi-
tioned 1n a nanometer scale.

According to the present disclosure, the linear actuators 10,
50, 60, 70, 80 are of a coupling type and thus have three
degrees of freedom of resonance. The resonant frequency of
the linear actuators 10, 50, 60, 70, 80 in three-degrees of
freedom, according to experiments by inventors, are 2.6 kHz,
4 kHz and 7.6 kHz, which are higher than the resonant fre-
quency of 1.7 KHZ of a typical linear actuator. Therefore, the
linear actuators of the present disclosure have higher stifiness
due to the higher resonant frequency.

The linear actuators and the linear actuating module using,
the linear actuators according to the present disclosure have
tewer components than the typical linear actuators and with
less clearance among components. Therefore, the linear
actuators and the linear actuating module can be manufac-
tured with lower costs and with improved stifiness.

The linear actuators 10, 50, 60, 70, 80 and the linear actu-
ating module 100 can be used 1n, for example, atomic force
microscope (AFM) for actuating the sample stage or scanning,
probe, sample stage of optical microscope, elements of opti-
cal system, topography measurement instruments. The linear
actuators can find applications 1n any areas for nano-position-
ing without departing from the scope of the present disclo-
sure.

For example, the linear actuators 10, 50, 60, 70, and 80 may
be used as a light blocker in an optical system. A light-
blocking element may be disposed on the screw member 13 at
a portion protruding from the housing 10. When the screw
member 13 moves, the light-blocking element on the screw
member 13 1s moved to become aligned with the light from an
external light source, such as laser or X-ray, thereby blocking
the light from the light source. As such, the linear actuator can
be used as a light blocker 1n an optical system.

The broad teachings of the disclosure can be implemented
in a variety of forms. Therefore, while this disclosure includes
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particular examples, the true scope of the disclosure should
not be so limited since modifications will become apparent
from the following claims.

What 1s claimed 1s:

1. A linear actuator, comprising;:

a housing;

a rotary unit disposed in the housing, the rotary unit includ-
ing a support portion in sliding contact with the housing
and a driving shaft; and

a screw member attached to the driving shaft of the rotary
unit, and including a threaded portion engaging a
threaded portion of the housing,

wherein when the driving shait of the rotatory unit rotates,
the screw member 1s driven to rotate, causing the screw
member to be translatable relative to the housing due to
engagement between the threaded portion of the screw
member and the threaded portion of the housing.

2. The linear actuator of claim 1, wherein the support
portion of the rotary unit 1s 1n slidable contact with an inner
surface of the housing.

3. The linear actuator of claim 2, wherein the support
portion of the rotary unit 1s a sliding bracket, the rotary umit
turther comprising a motor attached to the sliding bracket.

4. The linear actuator of claim 3, wherein the sliding
bracket has lugs extending into guiding grooves on the hous-
ng.

5. The linear actuator of Claim 4, wherein the lugs are 1n
sliding contact with the housing.

6. The linear actuator of claim 4, wherein the shding
bracket includes damping materials to 1ill a gap between the
lugs and the housing.

7. The linear actuator of claim 1, wherein the rotary unit
and the screw member move as a unit 1n a linear direction.

8. The linear actuator of claim 1, wherein the rotary unit
turther includes a variable speed unait.

9. The linear actuator of claim 1, further comprising a
coupling member for coupling the rotary unit to the screw
member.

10. The linear actuator of claim 1, wherein the housing
includes an enlarged portion and a narrowed portion, wherein
a portion of the screw member 1s supported on the narrowed
portion.

11. The linear actuator of claim 10, further comprising a
guiding member disposed 1n the narrowed portion, the guid-
ing member having internal threads engaging external threads
of the screw member.

12. The linear actuator of claim 1, further comprising a
sensor disposed 1nside the housing for measuring a displace-
ment of the rotary unait.

13. The linear actuate module of claim 12, wherein the
sensor includes a fixed element mounted on the housing and
a movable element mounted on the rotary unit.

14. The linear actuator of claim 13, wherein the sensor
measure the displacement of the rotary unit based on resis-
tance, capacitance, mductance of the fixed element and the
movable element.

15. A linear actuator, comprising:

a housing;

a sliding bracket disposed in the housing and slidable 1n a
pair of guiding grooves formed on an inner surface of the
housing;

a motor attached to the sliding bracket and including a
motor shaft;

a lead screw attached to the motor shatt such that the motor
moves together with the lead screw,

wherein when the motor provides a rotary motion to the
lead screw, the lead screw displaces due to a threaded-
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connection between the lead screw and an adjacent com-
ponent, the displacement of the lead screw causes the
motor to move together with the lead screw relative to
the housing along a longitudinal direction of the hous-
ng.

16. A linear actuating module, comprising:

a sample stage for supporting a sample;

a first linear actuator for providing a linear movement to the
sample stage along an X axis;

a second linear actuator for providing a linear movement to
the sample stage along an'Y axis;

a third linear actuator for providing a linear movement to
the sample stage along a 7 axis,

wherein the first, second, and third linear actuators each
include:

a housing, a screw member, a rotary unit including a sup-

port portion in sliding contact with the housing and a
driving shaft for providing rotary motion to the screw

8

member, wherein the screw member 1s attached to the
driving shaft of the rotary unit and includes a threaded
portion engaging a threaded portion of the housing, and
wherein when the driving shait of the rotatory unit
rotates, the screw member 1s driven to rotate, causing the
screw member to be translatable relative to the housing
due to engagement between the threaded portion of the
screw member and the threaded portion of the housing.
17. The linear actuating module of claim 16, wherein the

10 first, second, and third linear actuators each include a motor,

15

wherein the support portion 1s a sliding bracket and the motor
1s attached to the sliding bracket.

18. The linear actuating module of claim 17, wherein the
sliding brackets are slidable 1inside the housing.

19. The linear actuating module of claim 18, further com-
prising damping materials that fill gaps between the sliding
brackets and the housing.

Gx s * o e
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